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Terra MODIS On-orbit Calibration
& Characterization

• Terra MODIS (PFM) status (update from last STM)
– Operational configuration
– L1B (algorithms) and LUTs status

• On-orbit calibration and characterization
– Thermal emissive bands (TEB)
– Reflective solar bands (RSB)
– SRCA and ECAL analyses

• Current and future work
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• Terra launch: Dec. 18, 1999
• MODIS first image: Feb. 24, 2000

• Launch - Oct. 30, 2000
– A-side with SMIR Itwk/Vdet=110/226
– Other Itwk/Vdet also used during early

testing

• Oct. 30, 2000 - June 15, 2001
– B-side with SMIR Itwk/Vdet=79/110

• July 2, 2001 - Present
– A-side with SMIR Itwk/Vdet=79/190
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Terra MODIS (PFM) Status



Operational Configuration - 2000
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

2000 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 2000 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120

122 124 126 128 130 132 134 136 138 140 142 144 146 148 150 152 153 155 157 159 161 163 165 167 169 171 173 175 177 179 181

 

  

183 185 187 189 191 193 195 197 199 201 203 205 207 209 211 213 214 216 218 220 222 224 226 228 230 232 234 236 238 240 242 244

245 247 249 251 253 255 257 259 261 263 265 267 269 271 273 275 277 279 281 283 285 287 289 291 293 295 297 299 301 303 305

306 308 310 312 314 316 318 320 322 324 326 328 330 332 334 336 338 340 342 344 346 348 350 352 354 356 358 360 362 364 366

Legend Yes No

Temperature Control of Cold FPA Partial Loss in orbit No controlled over entire orbit

B-side (PS2)

Complete cooler outgas, focal plane control returnedDay 2000174, first formatter reset

Formatter Anomaly and Anomaly Resolution

Inclination Adj

218 226

Yes

A-side /B-side  Electronics A-side (PS1)

Science Data in Earth View Sector

SW/MWIR Focal Plane Bias (DN) 110 190

OCT

DEC

May

JUL

SEP

APR

JUN

AUG

FEB

SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS

NOV

JAN

MAR
various values



Operational Configuration - 2001
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 32 34 36 38 40 42 44 46 48 50 52 54 56 58

2001 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 2001 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119

121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180

 

182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 213 215 217 219 221 223 225 227 229 231 233 235 237 239 241 243

244 246 248 250 252 254 256 258 260 262 264 266 268 270 272 274 276 278 280 282 284 286 288 290 292 294 296 298 300 302 304

305 307 309 311 313 315 317 319 321 323 325 327 329 331 333 335 337 339 341 343 345 347 349 351 353 355 357 359 361 363 365

Inc

Legend Yes No

Temperature Control of Cold Focal Plane Turned off

Power supply 2 anormaly.

SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS

Power supply 2 anomaly. MODIS is powered OFF.

JAN FEB

MAR APR

May JUN

JUL AUG

SEP OCT

B-side (PS2)

NOV DEC

Science Data in Earth View Sector

SW/MWIR Focal Plane Bias (DN) 110 190

SSR anonmaly, partial data lost

Yes

A-side /B-side  Electronics A-side (PS1)



Operational Configuration - 2002
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 32 34 36 38 40 42 44 46 48 50 52 54 56 58

2002 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 2002 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119

121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180

 

182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 213 215 217 219 221 223 225 227 229 231 233 235 237 239 241 243

244 246 248 250 252 254 256 258 260 262 264 266 268 270 272 274 276 278 280 282 284 286 288 290 292 294 296 298 300 302 304

305 307 309 311 313 315 317 319 321 323 325 327 329 331 333 335 337 339 341 343 345 347 349 351 353 355 357 359 361 363 365

Legend Science Data in Earth View Sector Yes No 

SW/MWIR Focal Plane Bias (DN)

Temperature Control of Cold Focal Plane Yes Turned off

A-side /B-side  Electronics A-side (PS1) B-side (PS2)

SSR anonmaly, partial data lost Power supply 2 anormaly.

NOV DEC

110 190

APR

   SC/MODIS in safe or standby mode

May

SFE

JUN

SEP

SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS

OCT

JUL AUG

JAN FEB

MAR



L1B & LUTs Status (What’s New)

• B26 de-striping algorithm
– Input from U. of Wisconsin
– B26 de-striping using B5

• Time-dependent RVS LUTs
– Capture AOI dependent scan mirror degradation
– Impact only on B8, 9, 10, and 3
– Tested by U. of Miami

• PC bands (B33-36) a0 = 0
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• TEB
– Response trending, NEdT

• RSB
– SD degradation, AOI dependent response

trending, SNR

• SRCA and ECAL
– Spatial & Spectral
– Electronic gain trending, dn_sat
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Calibration and Characterization 



TEB Calibration (1 page summary)

RVSBB ⋅ OBC ⋅ LOBC + RVSSVS − RVSBB( ) ⋅ LSM + RVSBB ⋅ 1− OBC( )⋅ cav ⋅ Lcav

= a0 + b1 ⋅ dnOBC + a2 ⋅ dnOBC
2

RVS: Response Versus Scan-angle

: Emissivity

L: Spectral band averaged radiance
dn: digital count with background corrected

LS =
Planck( ,T) ⋅ RSR( )∑

RSR( )∑

Planck( ,T ) =
c1

5 ⋅ (ec2 /( ⋅T ) −1)

TEB product: Radiance (TOA), LEV

RVSEV ⋅ LEV + RVSSVS − RVSEV( ) ⋅ LSM

= a0 + b1 ⋅ dnEV + a2 ⋅ dnEV
2

Calibration coefficient, b1, from BB
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BB from 270-317K
provides a0 and a2

BB at T_BB provides b1

on a scan by scan basis

TEB Calibration Illustration
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TEB Response Trending
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TEB Response Trending
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TEB NEdT
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Detector Noise History
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Terra MODIS TEB NEdT (K) Changes History

Band 27 28 30 33 34 36
Day/Year Specification 0.25 0.25 0.25 0.25 0.25 0.35

Detector 6 3 5 8 1 6 7 8 1 to 10
055/2000 Nadir door open 0.09 0.06 0.11 0.11 0.28 0.26 0.27 0.29 0.43
232/2000 Back from FPA recycle 0.24 0.05 0.31 0.11 0.27 0.33 0.37 0.38 0.42
030/2001 - 0.27 0.06 0.29 0.3 0.25 0.33 0.37 0.37 0.43
087/2002 Back from safe mode 0.24 0.32 0.26 0.64 0.25 0.29 0.32 0.33 0.38

In Spec

out of Spec (close)

Out of Spec



RSB Calibration with SD/SDSM

Reflectance EV ⋅ cos EV( ) = m1 ⋅ dnEV
* ⋅dEarth−Sun

2

m1 =
plBRFSD ⋅cos SD( )

< dnSD
* > ⋅dEarth−Sun

2 ⋅ ΓSD ⋅ ∆SDScaling factor m1 from SD

SD (BRF) degradation from SDSM ∆SD =
dcSD
dcSun

plBRFSD: pre-launch SD BRF

SD: SD screen vignetting function (1 for open mode)

dn*SD, EV: MODIS detector’s “corrected” digital number
dcSun, SD: SDSM detector’s digital count
dEarth-Sun: Earth-Sun distance

LEV =
m1 ⋅ ESun ⋅ dnEV

*

Radiance
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RSB Calibration Schematic

Scan
Mirror

20.5  20.7°

58.1°

Sun

1.44% Screen

SDSM

SD

Optional 7.8% Screen

m1 =
plBRFSD ⋅cos SD( )

< dnSD
* > ⋅dEarth− Sun

2 ⋅ ΓSD ⋅ ∆SD

∆SD =
dcSD
dcSun
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SDSM detectors
Center wavelength (nm)
D1 411.97
D2 465.69
D3 529.74
D4 553.75
D5 646.14
D6 746.62
D7 856.49
D8 904.29
D9 936.23

dcSD_ view
D1 / dcSun _ view

D1

dcSD_ view
D9 / dcSun _ view

D9

 
 
 

  

 
 
 

  
∆SD =

dcSD
dcSun

(Leland and Arecchi, 1995, SPIE, 2475, 384)

Normalize to SDSM D9 at 936nm

SD Degradation Approach
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SD Degradation Results
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SD Degradation Results
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Comparison of Original (left) and Alternative Approach (right)



RSB Response Trending Results
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Optics (scan mirror) degradation
at different angle of incidence (AOI)

SD AO =50.2˚ SRCA AOI=38˚

Moon AOI=11.2˚
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1/m1 (gain) trending at
different AOI
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Degradation is AOI MS dependent  Time and AOI dependent LUTs

SD Data (AOI=50.2˚) Moon Data (AOI=11.2˚)

EV Data at SD AOI EV Data at Moon AOI



RSB SNR

PFM_27



Spatial and Spectral Characterization
with SRCA

• Spatial characterization - stable
– BBR
– FPA shift

• Spectral characterization - stable
– Center wavelength

• Radiometric mode used for response
trending to support RSB calibration

PFM_28



Spatial Characterization
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 Current BBR ( relative to band 1)

 On-orbit FPA co-registration tracking ( relative to band 1)

TERRA FPA coregistration along-scan
(SRCA in spatial mode)
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PFM BBR along-scan (5/15/2002) middle 
channel, relative to band 1
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Spectral Characterization
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Two horizontal lines are the specification limits.  Two vertical lines are where side changes.



Spectral Characterization (Table)

PFM_31

     PFM Center wavelength (nm)
Band Specification ∆λ SpMA Orbit_109-02

1 645 ±4 646.3 646.5

2 858 ±2.2 856.4 856.6
3 469 ±4 465.7 465.7
4 555 ±4 553.7 553.7
5 1240 ±5 1242.1 1242.0
6 1640 ±7 1629.4 1628.5
7 2130 ±8 2115 2117.6
8 412 ±2 411.9 411.3
9 443 ±1.1 442.2 441.6

10 488 ±1.2 487 486.6
11 531 ±2 529.8 529.4
12 551 ±5 546.9 546.7
13 667 -2, +1 665.7 665.4
14 678 ±1 676.9 676.8
15 748 ±2 746.6 746.2
16 869 ±5 866.4 865.8
17 905 ±2.3 904.2 904.2
18 936 ±2.3 935.7 934.9
19 940 ±2.4 936.3 935.9
26 1375 ±6 1382.2 1380.3



ECAL Trending
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Applications:

Electronic gain
trending

Electronic gain
saturation
(dn_sat)



Current and Future Work

• Support ST and Public on General Instrument
Calibration and Characterization Information
– RSB, TEB, Spatial, and Spectral

• Maintain L1B and Update LUTs
– SD and scan mirror degradation
– Tracking RVS variation in RSB and TEB
– Algorithm improvement
– L1B code maintenance

• Support Instrument Flight Operation for MODIS
and On-orbit Activities

• Prepare Change to B-side Formatter (TBD)
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Useful Sites
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MCST Web
http://www.mcst.ssai.biz/
Instrument Operations Team (Daily and Weekly Reports)
http://www.mcst.ssai.biz/IOT/
L1B Product Information and Change History
http://www.mcst.ssai.biz/product.html
MCST Contacts
http://www.mcst.ssai.biz/mcststaff.html

MODIS PFM RSR
ftp://ftp.mcst.ssai.biz/pub/permanent/MCST/PFM_L1B_LUT_4-30-99/
MODIS FM1 RSR
ftp://ftp.mcst.ssai.biz/pub/permanent/MCST/FM1_RSR_LUT_07-10-01/

MCST - Solar Spectral Irradiance Data Sets
ftp://ftp.mcst.ssai.biz/pub/permanent/MCST/Solar_Irradiance/


